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PRGHOUHVSHFWLYHO\ \  GHQRWHVWKHLQLWLDOVWDWH > @ 7F F FQZ Z Zˈˈ  DQG > @  7QO O O   DUHWKHZHLJKWHGYHFWRUDQGWKH
WKUHVKROG YHFWRU :KHQ WKH YDOXH RI Q  LQFUHDVHV WKH SDUDPHWHUV RI WKH PRGHO ZKLFK LV QRWHG WR EH Q  LQFUHDVH
FRUUHVSRQGLQJO\ZKLFKLQFUHDVHVWKHGLIILFXOW\RIPRGHOLQJ,QRUGHUWRUHGXFHWKHXQNQRZQSDUDPHWHUVRIWKHPRGHOWKH L 
WKWKUHVKROGDQGWKHZHLJKWHGYDOXHFDQEHVHWDV
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ZKHUH E G Pˈ ˈ  DUHSDUDPHWHUVREWDLQHGWKURXJKH[SHULPHQWDOPRGHOLQJ
7KHH[SUHVVLRQRI'=RSHUDWRUZKLFKLVVKRZQLQ)LJLVDVIROORZ
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)LJXUH 7KHVWUXFWXUHRI&3,PRGHO
$PRQJWKHP  [ W  DQG  \ W  DUHWKHLQSXWDQGRXWSXWRIWKH'=RSHUDWRUUHVSHFWLYHO\ZKRVHUHODWLRQVKLSLVVKRZQLQ
)LJ J  GHQRWHV WKH WKUHVKROGYDOXHRI WKH'=RSHUDWRUZKLFKFDQEHGHILQHGDV  PD[  M FM \ M PPJ   ˈ ZKHUH P 
UHSUHVHQWVWKHVXSHUSRVLWLRQQXPEHURIWKH'=RSHUDWRUV7KHRXWSXWRI'=PRGHOFDQEHH[SUHVVHGDV
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
)LJXUH 7KHVWUXFWXUHRI'=RSHUDWRU
6XEVWLWXWLQJLQWRWKH03,PRGHOZKLFKLVVKRZQLQ)LJFDQEHZULWWHQDV
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)LJXUH 7KHVWUXFWXUHRI03,PRGHO
$5;0RGHO
7KH $XWR5HJUHVVLYH H;RJHQRXV $5; PRGHO LV D UDWLRQDO WUDQVIHU IXQFWLRQ PRGHO ZKLFK LV ZLGHO\ XVHG LQ V\VWHP
LGHQWLILFDWLRQ ,Q WKLV SDSHU LW LV XVHG WR UHSUHVHQW WKH G\QDPLF OLQHDU SDUW RI +DPPHUVWHLQ PRGHO $5; PDWKHPDWLFDO
H[SUHVVLRQLVDVIROORZV
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ZKHUH  [ W  DQG  \ W  DUHWKHLQSXWDQGRXWSXWRIWKHPRGHOUHVSHFWLYHO\    $ ] % ]  DUHWKHSRO\QRPLDOWREHVROYHG
DQG  + =  GHQRWHVWKHWUDQVIHUIXQFWLRQRIWKH$5;PRGHO7KH+DPPHUVWHLQPRGHOFDQEHH[SUHVVHGDV
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
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+\VWHUHVLV&KDUDFWHULVWLFVRI3$0V
([SHULPHQW3ODWIRUP
7KH OHQJWKSUHVVXUH K\VWHUHVLV FKDUDFWHULVWLFV RI 30$V FDQ EH LGHQWLILHG E\ LVREDULF H[SHULPHQW ZLWK WKH KDUGZDUH
FRQILJXUDWLRQDVVKRZQLQ)LJ,WLQFOXGHV30$)(672'0631GLVSODFHPHQWWUDQVGXFHU0/23277/)ORDG
FHOODLUSURSRUWLRQDOYDOYH,791$'DQG'$GDWDDFTXLVLWLRQFDUGKRVWFRPSXWHUDQGDLUSXPS2QHHQGRIWKH
30$ZKLFKLVFRQQHFWHGWRWKHWUDFKHDLVIL[HGWRWKHEDVHDQGWKHRWKHUHQGLVFRQQHFWHGWRWKHH[WHUQDOORDG7KHLQWHUQDO
SUHVVXUHRIWKH30$LVFRQWUROOHGE\DQDLUSURSRUWLRQDOYDOYH7KHGLVSODFHPHQWRIWKH30$DUHPHDVXUHGE\DGLVSODFHPHQW
WUDQVGXFHUDQGWKHVHQVLQJGDWDDUHFROOHFWHGDQGWKHQWUDQVPLWWHGWRWKHKRVWFRPSXWHUWKURXJK$'GDWDDFTXLVLWLRQFDUG$QG
WKHQ WKURXJK WKH FRQYHUVLRQ RI '$ GDWD WKH FRQWURO VLJQDO IURP WKH KRVW FRPSXWHU SHUIRUPV DV WKH LQSXW VLJQDO RI WKH
SURSRUWLRQDO YDOXH ZKLFK FKDQJHV WKH LQWHUQDO SUHVVXUH RI WKH 30$ 7KH OHQJWKSUHVVXUH K\VWHUHVLV FKDUDFWHULVWLFV FDQ EH
REWDLQHGDFFRUGLQJWRWKHGLVSODFHPHQWGDWDXQGHUGLIIHUHQWSUHVVXUH

)LJXUH 7KHH[SHULPHQWDOSODWIRUPIRU30$
7KHH[SHULPHQWDOVWHSVDUHDVIROORZV,QWKHLQLWLDOVWDWHWKHLQWHUQDOSUHVVXUHDQGWKHGLVSODFHPHQWRIWKH30$DUHERWK
]HUR DQG WKH 30$ LV DW WKH LQLWLDO OHQJWK 7KH FRQWURO VLJQDO GHULYHV IURP GLIIHUHQW WULDQJXODU ZDYHIRUPV ZLWK GLIIHUHQW
DPSOLWXGHV ZKRVH DPSOLWXGHV LQFUHDVHVJUDGXDOO\ IURPEDU WREDU    EDU 3D u  ZLWKHDFK VWHSRIEDU7KURXJK
UHFRUGLQJWKHSRVLWLRQLQIRUPDWLRQRIWKH30$GXULQJWKHH[SHULPHQWWKHUHODWLRQVKLSRIOHQJWKDLUSUHVVXUHK\VWHUHVLVXQGHU
GLIIHUHQW SUHVVXUH LV REWDLQHG 6XEVHTXHQWO\ E\ FKDQJLQJ WKH H[WHUQDO ORDG RI WKH 30$ WKH UHODWLRQVKLS EHWZHHQ
OHQJWKSUHVVXUHK\VWHUHVLVRI30$DQGH[WHUQDOORDGFDQEHREWDLQHGWKURXJKH[SHULPHQWDOGDWD
/HQJWK3UHVVXUH+\VWHUHVLV3KHQRPHQRQ
$IWHUFRPSUHKHQVLYHDQDO\VLVRIH[SHULPHQWDOGDWDWKHOHQJWKSUHVVXUHK\VWHUHVLVFXUYHFDQEHREWDLQHGZKLFKLVGHSLFWHG
LQ)LJXQGHUWKH]HURORDGFRQGLWLRQ)LJDLOOXVWUDWHVWKHK\VWHUHVLVFXUYHWKURXJKUHSHDWHGH[SHULPHQWVZKLFKVXJJHVWV
WKDWWKHV\VWHPH[LWVGLWKHULQJHUURUDQGWKHUHPD\EHFRQWLQJHQF\LQDVLQJOHH[SHULPHQW7KHUHIRUHWKHPHDQYDOXHFDOFXODWHG
IURPPXOWLSOH VHWV RI H[SHULPHQWDO GDWD LV VHW WR UHSUHVHQW LWV K\VWHUHVLV FKDUDFWHULVWLFV DV VKRZQ LQ )LJ E )LJ DG
LOOXVWUDWHWKHK\VWHUHVLVFXUYHVZLWKH[WHUQDOORDGRINJNJNJDQGNJUHVSHFWLYHO\7KHK\VWHUHVLVFXUYHVZLWK
GLIIHUHQWH[WHUQDOORDGDWWKHVDPHSUHVVXUHDUHFRPSDUHGLQ)LJ

DH[SHURPHQWDOFXUYHV                                EPHDQFDOFXODWHGFXUYHV
)LJXUH +\VWHUHVLVFXUYHVZLWKRXWH[WHUQDOORDG 
$VFDQ EHFOHDUO\ VHHQIRUP)LJ WKHGLVSODFHPHQWVRIWKH30$XQGHU WKHVDPHLQWHUQDOSUHVVXUHGXULQJ LQIODWLRQDQG
GHIODWLRQDUHGLIIHUHQWZKLFKLVUHIHUUHGWRDVDK\VWHUHVLVORRS7KHK\VWHUHVLVORRSIRUPHGXQGHUWKHPD[LPXPLQSXWSUHVVXUH
VLJQDOLVFDOOHGWKHPDLQORRSLQZKLFKWKHORRSVDUHFDOOHGWKHVHFRQGDU\ORRSV7KHPHDVXUHGGDWDRIWKHPDLQORRSDUHXVHG
WRLGHQWLI\WKHSDUDPHWHUVRIWKH+DPPHUVWHLQPRGHO7KHK\VWHUHVLVFXUYHWUHQGXQGHUGLIIHUHQWH[WHUQDOORDGVVKRZQLQ)LJ
LV FRQVLVWHQW ZLWK WKHK\VWHUHVLV FXUYH ZLWKRXW H[WHUQDO ORDG LQGLFDWLQJ WKDW WKH H[WHUQDO ORDG GRHVQRW FKDQJH WKH LQKHUHQW
K\VWHUHVLVFXUYHRIWKH30$
 
DH[WHUQDOORDGDWNJ                             EH[WHUQDOORDGDWNJ
  
FH[WHUQDOORDGDWNJ                           GH[WHUQDOORDGDWNJ
)LJXUH +\VWHUHVLVFXUYHVDWGLIIHUHQWH[WHUQDOORDG
6DURVL HWDO >@HVWDEOLVKHG WKH VWDWLFFRQWUDFWLRQPRGHODQGGHVLJQHGD IXQFWLRQVLPXODWLRQ IRU WKH IRUFH JHQHUDWHGE\
30$V7KHFRQWUDFWLRQIRUFHZDVFDOFXODWHGE\WKHLQWHUQDOSUHVVXUHDQGFRQWUDFWLRQUDWHRI30$VZKLFKFDQEHSUHVHQWHGDV
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$PRQJ WKHP  ) S H  UHSUHVHQW WKHFRQWUDFWLRQIRUFH WKHLQWHUQDOSUHVVXUHDQGFRQWUDFWLRQ UDWHRID30$UHVSHFWLYHO\
DQG    D E F G H  DUH WKHPRGHOSDUDPHWHUV WREH VROYHG:KHQ WKHGLVSODFHPHQWRI WKH30$UHPDLQV FRQVWDQW WKHSUHVVXUH
LQFUHDVHVZLWK WKH LQFUHDVHRI WKHFRQWUDFWLRQIRUFH)LJFRPSDUHV WKHK\VWHUHVLVFXUYHVZLWKGLIIHUHQWH[WHUQDO ORDGDW WKH
VDPHSUHVVXUHRIEDUDQGSRLQWVRXWWKDWXQGHUWKHVDPHGLVSODFHPHQWWKHJUHDWHUWKHH[WHUQDOORDGWKHJUHDWHUWKHSUHVVXUH
YDOXH 7KLV SKHQRPHQRQ FDQ EH VDWLVILHG ERWK GXULQJ WKH SURFHVV RI LQIODWLRQ DQG GHIODWLRQ ,Q WKLV H[SHULPHQW GLIIHUHQW
H[WHUQDOORDGVFDQEHHTXLYDOHQWWRWKHHIIHFWFRQWUDFWLRQIRUFH
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)LJXUH +\VWHUHVLVFXUYHVZLWKGLIIHUHQWH[WHUQDOORDGVDWEDU 
0RGHO,GHQWLILFDWLRQDQG9DOLGDWLRQ
7KHLQKHUHQWKLJKQRQOLQHDULW\WLPHYDU\LQJDQGK\VWHUHVLVRIWKH30$FDXVHGLIILFXOWLHVLQSDUDPHWHULGHQWLILFDWLRQ7KH
QRQOLQHDUOHDVWVTXDUHVDOJRULWKPLVZLGHO\XVHGLQSDUDPHWHUHVWLPDWLRQZKLFKFDQILQGWKHRSWLPDOFRHIILFLHQWE\PLQLPL]LQJ
WKHZHLJKWHGFRVWIXQFWLRQRIWKHPHDVXUHGGDWD>@
7KH+DPPHUVWHLQPRGHOFRQVLVWVRIWZRSDUWVVRLWLVQHFHVVDU\WRLGHQWLI\WKH03,PRGHODQG$5;PRGHOVHSDUDWHO\LQ
WZRVWHSV)LUVWO\WKHLGHQWLILFDWLRQRIWKHVWDWLFK\VWHUHWLFQRQOLQHDUPRGXOHZKLFKLVPDLQO\UHIHUUHGWR03,PRGHOLVFDUULHG
RXW$QLQSXWVLJQDOZLWKDIUHTXHQF\RI+=LVJLYHQRQWKHH[SHULPHQWDOSODWIRUPDQGWKHSRVLWLRQLQIRUPDWLRQRID30$
LV FROOHFWHG 7KHSDUDPHWHUVRI 03,PRGHO DUH LGHQWLILHG E\ WKH OHDVW VTXDUHVPHWKRGXQGHU ZKLFK FRQGLWLRQ WKH G\QDPLF
OLQHDUPRGXOHLVHTXDOWR$IWHUZDUGVWKHSDUDPHWHUVRIG\QDPLFOLQHDUPRGXOHDUHLGHQWLILHG7KHRUGHURI$5;PRGHOLV
PDLQO\GHWHUPLQHGE\XVLQJ$,&$NDLNH¶VLQIRUPDWLRQFULWHULRQDQGWKHRUGHURIWKLVV\VWHPLVGHWHUPLQHGWREHWKHEHVWDW
,WVKRXOGEHSRLQWHGRXWWKDWWKHPRUHWKHSOD\RSHUDWRUVDQGWKH'=RSHUDWRUVWKHKLJKHUWKHDFFXUDF\RIWKH03,PRGHO
EXWDWWKHVDPHWLPHPRUHFDOFXODWLRQVDUHQHHGHG$IWHUFRPSUHKHQVLYHFRQVLGHUDWLRQWKLVH[SHULPHQWWDNHVSOD\RSHUDWRUV
DQG'=RSHUDWRUVDQGWKHUHVXOWVRISDUDPHWHULGHQWLILFDWLRQDUHVKRZQLQ7DEOHDQG7KHLGHQWLILFDWLRQUHVXOWVRI$5;
PRGHODUHDVIROORZV
  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7DEOH3DUDPHWHULGHQWLILFDWLRQUHVXOWVRI03,PRGHO
E  G  P 
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7DEOH3DUDPHWHULGHQWLILFDWLRQRI'=PRGHO
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7R IXOO\ FRQILUP WKH HIIHFWLYHQHVV RI WKH SURSRVHG PRGHO WKH UHVXOWV RI H[SHULPHQWDO YHULILFDWLRQ RI 03, PRGHO DQG
+DPPHUVWHLQ PRGHO DUH UHVSHFWLYHO\ LOOXVWUDWHG LQ )LJ DQG )LJ ZKLFK FRPSDUH WKH VLPXODWLRQ UHVXOWV ZLWK WKH
H[SHULPHQWDO OHQJWKK\VWHUHVLV FXUYH RI 30$ )URP )LJ D LW FDQ EH LQWXLWLYHO\ VHHQ WKDW WKH ILWWLQJ HIIHFW RI WKH 03,
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PRGHO LV QRW JRRG DQG WKH PD[LPXP HUURU UHDFKHV FP 7KHUH H[LVWV D ELW ODUJH PRGHOLQJ HUURU LQ ILWWLQJ K\VWHUHVLV
FKDUDFWHULVWLF FXUYH XVLQJ 03, PRGHO DV VKRZQ LQ )LJ E ZKLFK LV DOPRVW  WLPHV ELJJHU WKDQ PRGHOLQJ HUURU RI
+DPPHUVWHLQPRGHO2QWKHRWKHUKDQGLWFDQEHVHHQIURP)LJDWKDWWKHPRGHOVLPXODWLRQDQGH[SHULPHQWDOFXUYHVILW
SHUIHFWZKLFKPHDQVWKDW WKH+DPPHUVWHLQPRGHOSHUIRUPVH[FHOOHQWO\LQFKDUDFWHUL]LQJWKHK\VWHUHVLVRI30$V,QRUGHU WR
HOLPLQDWH WKH FRQWLQJHQF\ LQ D VLQJOH H[SHULPHQWDO UHVXOW  VHWV RI H[SHULPHQWDO GDWD DUH WDNHQ DQG FRUUHVSRQGLQJ PRGHO
VLPXODWLRQVDUHFRPSDUHGWRREWDLQWKHPHDQDEVROXWHHUURU0$(XQGHUHDFKLQSXWSUHVVXUHDQGWKHVWDQGDUGGHYLDWLRQ67'
ZKLFKGHQRWHVWKHGHJUHHRIGHYLDWLRQIURPWKHPHDQYDOXHZKLFKDUHVKRZQLQ)LJE)URP)LJEZHFDQNQRZWKDW
WKHPD[LPXP0$(XQGHULQSXWSUHVVXUHYDOXHVLVPPDQGWKHPD[LPXPGHYLDWLRQIURPWKHDYHUDJHYDOXHLVQRPRUH
WKDQ  PP ,Q WKH OLWHUDWXUH >@ PHQWLRQHG LQ WKH ,QWURGXFWLRQ WKH 0*3, PRGHO LV XVHG WR VLPXODWH WKH K\VWHUHVLV
FKDUDFWHULVWLFVRID30$DQGWKHPD[LPXPHUURUUHDFKHVPPZKLFKIXUWKHUSURYHVWKHYDOLGLW\RIWKH+DPPHUVWHLQ
PRGHOIRUKLJKSUHFLVLRQPRGHOLQJIRUK\VWHUHVLVFKDUDFWHULVWLFVRI30$V&RPSDULQJ)LJZLWK)LJLWLVFOHDUWKDWWKH%3
QHXUDOQHWZRUNSOD\VDQLPSRUWDQFHUROHLQWKHVWUXFWXUHRI+DPPHUVWHLQPRGHOEHFDXVHRILWVKLJKSUHFLVLRQDSSUR[LPDWLRQ
FDSDELOLW\
  
DK\VWHUHVLVORRSV                                        EPRGHOLQJHUURUV
)LJXUH0RGHOYDOLGDWLRQUHVXOWRI03,PRGHO

DK\VWHUHVLVORRSV                                     EPRGHOLQJHUURUV
)LJXUH0RGHOYDOLGDWLRQUHVXOWRI+DPPHUVWHLQPRGHO
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+\VWHUHVLV&KUDUDFWHULVWLFV
0RGLILHG3UDQGWO,VKOLQVNLL0RGHO
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0RGHOEDVHG&RQWURO([SHULPHQW
7R IXUWKHU LOOXVWUDWH WKH HIIHFW RI WKH +DPPHUVWHLQ PRGHO WKH IHHGIRUZDUG FRPSHQVDWLRQ EDVHG RQ WKH LQYHUVH
+DPPHUVWHLQPRGHO LVDGDSWHG LQ WKHWUDMHFWRU\ WUDFNLQJFRQWURORI30$ZLWK3,'FRQWUROVWUDWHJ\ZKRVHFRQILJXUDWLRQLV
VKRZQLQ)LJ
&RQWUROOHUGHVLJQ
$ FRQYHQWLRQDO 3,' FRQWURO >@ LV LPSOHPHQWHG WR WUDFN WKH WUDMHFWRU\ RI 30$ ZLWK WKH IHHGIRUZDUG K\VWHUHVLV
FRPSHQVDWLRQZKLFKLVGHVLJQHGWRUHGXFHWKHLQIOXHQFHRIWKHK\VWHUHVLVFKDUDFWHULVWLFV7KHLQYHUVH+DPPHUVWHLQPRGHOPDSV
WKH GHVLUHG WUDMHFWRU\ +\  LQWR WKHGHVLUHGSUHVVXUH +3  IRU D30$ ZKLFK LV WKHQ DSSOLHG WR WKHDLUSURSRUWLRQDOYDOXH DV
FRQWURO VLJQDO 7KHUHIRUH WKH DFWXDO WUDMHFWRU\ $\  FDQ EH FROOHFWHG DQG FRPSDUHG ZLWK WKH GHVLUHG WUDMHFWRU\ +\  ,Q WKLV
SDSHUWKHJDLQVRIWKH3,'FRQWUROLQFOXGHGLQWKHIHHGEDFNORRSDUHVHWLQ7DEOH

)LJXUH7KHFRQWUROVFKHPHIRU30$
7DEOH&RQWUROOHUJDLQVIRUWKH3,'FRQWURO
3URSRUWLRQDO ,QWHJUDO 'LIIHUHQWLDO
  
([SHULPHQWDOUHVXOWV
,QRUGHUWRWHVWLI\WKHSHUIRUPDQFHRIWKHSURSRVHGFRQWUROVWUDWHJ\DQGWKHHIIHFWRIWKHK\VWHUHVLVFRPSHQVDWLRQEDVHGRQ
WKHLQYHUVH+DPPHUVWHLQPRGHOWKHH[SHULPHQWVRQWUDMHFWRU\WUDFNLQJFRQWUROZLWKDQGZLWKRXWWKHK\VWHUHVLVFRPSHQVDWRUIRU
D30$LVLPSOHPHQWHGDQGFRPSDUHGODWHU7KHGHVLUHGWUDFNLQJVLJQDOLVGHVLJQHGDV
   VLQ G\ W $ IW +S                                         
ZKHUH  $ I +  DUHWKHDPSOLWXGHWKHIUHTXHQF\DQGRIIVHWRIWKHGHVLUHGWUDFNLQJVLJQDOUHVSHFWLYHO\ZKLFKDUHJLYHQ
LQ7DEOH
7DEOH3DUDPHWHUVRIVLQXVRLGDOVLJQDO
> @$ FP  > @I +]  > @+ FP 
  

DWUDFNLQJUHVSRQGV                                       EWUDFNLQJHUURU
)LJXUH5HVXOWVIRUWKHWUDMHFWRU\WUDFNLQJFRQWURORIWKH30$ZLWKRXWWKHK\VWHUHVLVFRPSHQVDWLRQ

DWUDFNLQJUHVSRQGV                                       EWUDFNLQJHUURU
)LJXUH5HVXOWVIRUWKHWUDMHFWRU\WUDFNLQJFRQWURORIWKH30$ZLW+WKHK\VWHUHVLVFRPSHQVDWLRQ
*LYHQWKHGHVLUHGWUDFNLQJVLJQDOWKHUHVXOWVRIWKHWUDMHFWRU\WUDFNLQJFRQWUROZLWKRXWDQGZLWKWKHIHHGIRUZDUGK\VWHUHVLV
FRPSHQVDWLRQ EDVHG RQ WKH +DPPHUVWHLQ PRGHO DUH VKRZQ LQ )LJ DQG  UHVSHFWLYHO\ 7DEOH  OLVWV WKH VWDWLFV RI WKH
WUDMHFWRU\WUDFNLQJHUURU,WLVREYLRXVWKDWWKHWUDFNLQJHUURUVEHFRPHDELWODUJHUDWSHDNVDQGWURXJKVWKDQWKDWDWRWKHUSDUWVRI
WKH WUDMHFWRU\ IRU ERWK FRQGLWLRQV 1HYHUWKHOHVV E\ DGGLQJ WKH K\VWHUHVLV FRPSHQVDWLRQ LQWR WKH FRQWURO VFKHPH WKH
SHUIRUPDQFHRIWKHWUDMHFWRU\WUDFNLQJFRQWUROEHFRPHVPXFKEHWWHUQRWRQO\DWSHDNVDQGWURXJKVEXWDOVRWKHRWKHUSDUWVRI
WKHWUDMHFWRU\DFKLHYHDPRUHVPRRWKPRYHPHQWWKDQWKDWRIWKHWUDMHFWRU\XQGHUFRQYHQWLRQDO3,'FRQWURO
7DEOH7KHWUDFNLQJHUURUVRIVLQXVRLGDOWUDMHFWRU\
 0D[LPXPHUURU
> @FP 
0HDQDEVROXWHHUURU
> @FP  506HUURU > @FP 
3,'   
3,'IHHGIRUZDUG   
,WFDQEHVHHQIURP)LJDQGWKDWWKHHUURULQWKHWUDMHFWRU\WUDFNLQJFRQWUROLVODUJHUWKDQWKDWRIWKHVLPXODWLRQRIWKH
SURSRVHGPRGHO7KHUHDVRQZK\WUDFNLQJHUURULQFUHDVHVFRPSDUHGZLWKPRGHOHUURULVEHFDXVHWKHUHH[LWXQFHUWDLQWLHVVXFKDV
V\VWHP LQWHUIHUHQFHXQGHUG\QDPLF FRQGLWLRQPRUHRYHU WKHK\VWHUHVLV FKDUDFWHULVWLFV RI30$V EHFRPH PRUH FRPSOLFDWHG
)URPWKHQXPHULFDO UHVXOWVDVVKRZQLQ7DEOH LW LVFOHDU WKDW WKHPD[LPDO HUURU LV FP WKHPHDQ DEVROXWHHUURU LV
 FP DQG WKH 506 HUURU LV RQO\  FP ZKLFK DUH PXFK VPDOOHU WKDQ WKRVH LQ WKH 3,' FRQWURO ZLWKRXW WKH
          
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IHHGIRUZDUGFRPSHQVDWRUDQGPHDQZKLOHDUHDOVRDERXWDVKDOIDVVPDOODVWKRVHLQWKHOLWHUDWXUH>@XQGHUWKHVDPHFRQWURO
VFKHPHZLWKWKHK\VWHUHVLVFRPSHQVDWLRQ7KHJHQHUDOL]HG3,*3,PRGHOLVGHVLJQHGWRSHUIRUPDVK\VWHUHVLVFRPSHQVDWLRQ
LQ WKH WUDMHFWRU\ WUDFNLQJ FRQWURO LQ OLWHUDWXUH >@ )RUP H[SHULPHQWDO UHVXOWV WKH +DPPHUVWHLQ PRGHO SHUIRUPV EHWWHU LQ
FRPSHQVDWLQJWKHLQIOXHQFHRIOHQJWKSUHVVXUHK\VWHUHVLVWKDQWKH*3,PRGHOXQGHUVDPHFRQGLWLRQ
&RQFOXVLRQ  
,QWKLVSDSHUD+DPPHUVWHLQPRGHOLVSUHVHQWHGWRFKDUDFWHUL]HWKHDV\PPHWULFOHQJWKSUHVVXUHK\VWHUHVLVRI30$V7KH
SURSRVHG03,PRGHOFRPELQHVWKHOLQHDUSOD\RSHUDWRUZLWKWKH'=RSHUDWRUZKLFKH[WHQGVWKHDSSOLFDWLRQRIWKH&3,PRGHO
DQGLVVXLWDEOHIRUUHSUHVHQWLQJWKHDV\PPHWULFK\VWHUHVLVFKDUDFWHULVWLFV6LPXOWDQHRXVO\XWLOL]LQJWKHLQSXWVLJQDORIK\VWHUHVLV
V\VWHPDQG WKH RXWSXWRI03,PRGHO DV WKH LQSXWRI%3QHXUDOQHWZRUN WKHOLPLWDWLRQ IRUVLQJOHYDOXHGPDSSLQJRIQHXUDO
QHWZRUN LV VXFFHVVIXOO\ RYHUFRPH DQG WKH KLJKSUHFLVLRQ DSSUR[LPDWLRQ DELOLW\ RI QHXUDO QHWZRUN LV LQWURGXFHG LQWR WKH
UHVHDUFKRIK\VWHUHVLVPRGHOLQJRI30$VZKLFKLPSURYHVWKHDFFXUDF\RIWKHPRGHOZKLOHLPSURYLQJWKHVHOIOHDUQLQJDELOLW\
RIWKHPRGHO,QRUGHUWRYHULI\WKHHIIHFWRIWKHPRGHODFRQYHQWLRQDO3,'FRQWUROZLWKK\VWHUHVLVFRPSHQVDWLRQLVFDUULHGRXW
$QGWKHWUDMHFWRU\WUDFNLQJUHVXOWVGHPRQVWUDWHWKDWWKH+DPPHUVWHLQPRGHODQGLWVLQYHUVLRQFDQUHDOL]HKLJKDFFXUDF\LQERWK
PRGHOVLPXODWLRQDQGWUDMHFWRU\FRQWUROZKLFKLVVLJQLILFDQWIRUWKHDSSOLFDWLRQVGULYHQE\30$V
,QRUGHUWRSUHYHQWVHFRQGDU\LQMXU\RISDWLHQWVWKHDVVLVWDQWPRWLRQRIWKHUHKDELOLWDWLRQURERWGULYHQE\30$VLVFDUULHG
RXWDWORZIUHTXHQF\7KHUHIRUHLWLVUHDVRQDEOHWRVWXG\WKHK\VWHUHVLVFKDUDFWHULVWLFVRI30$VXQGHUTXDVLVWDWLFFRQGLWLRQV
8QGHU G\QDPLF FRQGLWLRQV QRW RQO\ WKH K\VWHUHVLV FKDUDFWHULVWLFV RI 30$V ZLOO EHFRPH PRUH FRPSOLFDWHG EXW DOVR WKH
XQFHUWDLQWLHV VXFKDV V\VWHP LQWHUIHUHQFHZLOODSSHDU LQ UHDOWLPHDSSOLFDWLRQPDNLQJ LW LPSRVVLEOH WRHVWDEOLVK LWV DFFXUDWH
PRGHO0RUHRYHUWKHUHH[LWGLWKHULQJDQGFUHHSGXULQJWKHWUDMHFWRU\WUDFNLQJFRQWURO7KHUHIRUHLWLVQHFHVVDU\WRDFKLHYHD
PRUHLQWHOOLJHQWFRQWUROPHWKRGWRVROYHWKHDERYHSUREOHPV,QWKHIXWXUHZHZLOOIRFXVRQWKHFRQWUROPHWKRGDQGGHYHORSD
VWURQJUREXVWFRQWUROOHUWRDFKLHYHPRUHDFFXUDWHWUDMHFWRU\FRQWURORI30$V 
$FNQRZOHGJPHQW
7KLVZRUNZDVVXSSRUWHGE\WKH1DWLRQDO1DWXUDO6FLHQFH)RXQGDWLRQRI&KLQDXQGHU*UDQWVDQGDQG
1DWXUH6FLHQFH)RXQGDWLRQRI+XEHL3URYLQFH&)%DQG2YHUVHDV6	7&RRSHUDWLRQ
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